F. R. Sandbach literature can be criticized on two significant accounts. It is all too clear that the literature selected is presented as if science progressed without any major distortions. No abstracts, for instance, are included from the writings of those influential parasitologists, such as Looss and Sambon, who had held hypotheses about schistosomiasis transmission which were later to be disproved. Furthermore, a progressive view of the history of medical science fails to show how certain areas of investigation, such as social factors in the epidemiology of disease, became neglected. The book also fails to illustrate how the development of medical literature and policy is closely related to the social, economic and political context in which such developments take place. It is the purpose of this article to make good these omissions.
A BACKGROUND TO THE LIFE-CYCLE AND EVOLUTION OF SCHISTOSOMIASIS
There are three major parasitic species of schistosomiasis affecting the human population, namely Schistosoma haematobium, S. mansoni, and S. japonicum.5 These parasites have several characteristics of their life-cycle in common. Eggs, deposited by the parasite in the urine or faeces of the human host, find their way into water. On contact with water the eggs develop into miracidia. The miracidia are attracted to certain snails (the intermediate host) through chemical sensors and must penetrate a suitable snail within a matter of hours in order to survive, as the chance of survival of the miracidia falls off rapidly in all the schistosoma species after about ten hours. 6 Inside the snail the parasite develops into sporocysts. After four to seven weeks within the snail the sporocysts start to liberate another free-living stage of the parasite called cercariae. The cercariae, like miracidia, also have a short life span of about forty-eight hours. During this time the cercariae must penetrate man or some other susceptible mammalian host (the definitive host) that comes in contact with the water. There is some indication that diurnal cycles of cercariae liberation have evolved as an adaptation to the social behaviour of the human host population. A study in Egypt has indicated that the peak activity of washing, bathing and playing amongst the local population occurred during the period of maximum cercariae liberation. 7 After penetrating the definitive host, the cercariae develop within six to twelve weeks into mature adult worms. Female mated worms then release eggs over a considerable period of time. While the average life-span of the mature female worm is believed to be around two to five years, they have been known to live from twenty to thirty years.8 The eggs are then excreted into the urine or faeces, thus completing the schistosome life cycle.
The differences between the schistosoma species are principally related to the different intermediate and definitive hosts that they infect and the location within the human host to which the parasites migrate. Broadly speaking, the main snail ' Other schistosoma species include S. intercalatum, S. matthei, S. margrebowiei, S. rodhaini and S. bovis. They are all of little public health significance except S. intercalatum which occurs ifta few small foci in Africa. Other species may affect animals but are non-pathogenic to humans. See 
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History ofSchistosomiasis research andpolicyfor its control hosts of S. haematobium are those of the Bulinus species,9 and the adult worm develops in the veins of the human bladder. Consequently eggs are discharged through urination. Urine may find its way directly into the water through lack of sanitation and social custom. Activities such as swimming or fishing may increase the chances of infected urine reaching the water.
S. mansoni usually develops within Biomphalaria snail species, and the adult worm develops in the mesenteric vessels of the small intestine. Eggs are transmitted through the human faeces. Eggs within the faeces, deposited close to water, find their way into the water after a period of rain. The other main parasitic species, S. japonicwn, usually develops in the Oncomelania snail, while the adult worm develops in the large intestine and, as in the case of S. mansoni, eggs are transmitted through human faeces. There is a great deal of difference between the range of definitive hosts that the parasite attacks. S. haematobium is almost specific to man, whereas the other two schistosoma species may be carried by a variety of mammalian hosts.
Knowledge of the schistosome life-cycle throws lights on the range of influences which will affect the transmission of the parasite. The presence, location and density of the intermediate snail host, together with other competing snails, are obviously important factors and clearly account for the geographical limitation of the parasites. For instance, S. haematobiwn is not found in South America because there is no suitable snail host. S. mansoni, carried there originally through the slave trade has become established because of the presence of susceptible hosts. On the other hand, the chances of the free-living stages of the parasite infecting the snail depend on a large number of social, economic and environmental factors.
The evolution of schistosomiasis itself probably occurred at the same time as the shift in human populations from hunter-gathering economies to societies based upon domestic agriculture. Survival of parasitism requires a stable relationship between host and parasite, such as is available in settlements close to slow-moving water in which the snail hosts of the disease abound. It is thought that the schistosome parasite first evolved around the Great Lakes of East Africa.10 An identifiable history of the disease dates back at least to the sixteenth century B.c.11
While there is no doubt that the Egyptians of 1,500 B.C. suffered from schistosomiasis, it is unlikely that the disease was very widespread at the time because of a lack ofperennial irrigation and the consequent lack of suitable sites for transmission.12 However, despite the lack of perennial irrigation, the 
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F. R. Sandbach from haematuria which was almost certainly a result of schistosomiasis infection.13 Nevertheless, the schistosomiasis problem in Egypt did not become serious until the development of perennial irrigation after 1821, when there was a rapid increase in agricultural production and rural population.'4
The presence of schistosomiasis in ancient Jericho has been used as an explanation for Joshua cursing the city and leaving it uninhabited in the late fourteenth century B.C. The biblical narrative refers to the dangers of the area, especially for children, the most likely age group to be affected by schistosomiasis. The city was reoccupied in the eighth century B.C. after a period of deteriorating climate which may well have destroyed the habitats of the snail. On the other hand, the biblical narrative refers to Elisha cleansing the well water with salts. It is possible that these salts also helped to destroy the snails. 15 The historical change in the prevalence of schistosomiasis has altered dramatically in more recent times with the rapid development of large-scale irrigation projects. These projects have not only allowed a greater range of permanent habitats for the snail intermediate host, but have also caused more people to come in contact with infected water, either through greater population concentration or through greater access to water. In addition, migration of people from infected to uninfected areas has accentuated the increase in schistosomiasis. It is now generally agreed that there has been a rapid increase in the world prevalence of the disease, especially since the Second World War, and it has increased in many areas despite the implementation of costly control programmes.'6 Numerous studies during the past sixty years have illustrated these changes.'7 The interpretation of the factors involved in these changes has been crucial to the development of policies aimed at the control of schistosomiasis and can best be seen in the light of an historical survey of the literature on the epidemiology and control of the disease. EXTERNAL 
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History ofSchistosomiasis research andpolicyfor its control almost entirely the work of foreign doctors stationed primarily in Egypt but also in other North African countries and South Africa. The first impetus to medical work in Egypt had been felt during the French occupation in 1799. The Kasr el Aini Palace was then turned into a military hospital and later became the largest general hospital in Egypt.18 The French were also responsible for the creation of a medical school in Egypt. Clot Bey, who had arrived in Egypt as Surgeon-in-Chief to the French Army, founded the school in 1827. In the early days of the medical school all professors of medicine were foreign and had their lectures translated from French and German into Arabic. It was not until 1898, under the British administration of Egypt, that Arabic was replaced by English as the principal language for teaching purposes. The change in language was also accompanied by the replacement of Egyptian professors by new appointments from Britain."9
The main impetus to medical work and interest in schistosomiasis on the part of European countries followed the growth of empire building and the scramble for African territories during the last two decades of the nineteenth century. Between 1893 and the First World War four commissions, with the task of exploring the nature of the disease, were sent to North Africa from France, Germany, Italy and Great Britain.20 British interest in schistosomiasis arose shortly after the first major army campaigns of 1882 in Egypt and resulted directly from British concern with the administration of Egypt. The campaigns had followed riots between the Christian and Mohammedan communities. The Suez Canal was in jeopardy and a force of 4,000 marines landed to maintain order. Further campaigns in both Egypt and the Sudan thereafter became annual affairs.2' Coincidentally it was not until 1882, twenty-three years after the first copy, that one finds any mention of the disease in the Lancet. A year later the reason became apparent to all: "This subject has become of considerable importance since the occupation of Egypt by our troops. Until then it was a condition of such rarity that few physicians in England had seen a case; in this part of the world it has always been a matter of great magnitude to the European settlers."22 Imperial expansion was also accompanied by the migration of doctors abroad. By the end of the nineteenth century one-fifth of the doctors trained in Britain were practising their profession in warm countries and the growth of the Empire required further instruction in tropical medicine, the more so following the discovery of many agents of disease in the tropics. 263 F. R. Sandbach Office in 1895 he became impressed by the need to develop the colonies in a systematic manner. This was a new departure in foreign policy and was largely brought about by the increasing trade competition with the United States and Germany." In order to develop the colonies and to exploit the Empire's resources it became important to improve the health of the people and to extend scientific research.M2 The combined pressure of colonial expansion, the health problems of the army and navy and the development of medical science led to the foundation of the tropical schools of medicine. The Liverpool School was opened in 1899 and the London School of Tropical Medicine was opened six months later. These were closely followed by schools in Antwerp and Amsterdam, as well as a hospital and institute in Hamburg.
In May 1899, at the inauguration of the London School of Tropical Medicine, Chamberlain said that" ..... the study of tropical disease is a means of promoting Imperial policies".26 Patrick Manson, one of the main advocates of the creation of the school, saw its foundation in no less strong a light: " . . . [tropical medicine] will cheapen government and make it more efficient. It will encourage and cheapen commercial enterprise. It will conciliate and foster the native."27
Before the foundation of the schools of tropical medicine it had been difficult for research workers to meet and report their findings. Work was often undertaken in isolation from others in the same field of study and there was a lack of cross-fertilization of ideas. With the foundation of the schools, however, a concerted attack upon the diseases of the tropics could be made.'8
The importance of schistosomiasis to soldiers during the Boer War was an additional stimulus to research work and resulted in the War Office sending R. T. Leiper 
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History ofSchistosomiasis research andpolicyfor its control that done by the Malaria Commission.31 The Health Committee reported on the disease and suggested that more research on the problems of epidemiology, prophylaxis, education and propaganda was necessary.32 Nothing came of these recommendations and the problem was not taken up by the League of Nations because the representation for action came only from Egypt, and also because of the imminence of war.33
The Second World War, however, brought schistosomiasis to international attention. Many allied soldiers were affected during military operations in China, the Philippines and the Pacific islands. At one time over 3,000 American soldiers were invalided home suffering from the disease, and it was estimated that the disease cost the American armed services over three million dollars during the war." Since then interest in schistosomiasis has been promoted by the United States National Institutes of Health and the Department of Defence, through both their own research and grants-in-aid.
As with other diseases, the impact of war aggravated the symptoms of schistosomiasis. An example of this has been shown in a study of fishermen on Lake Albert. These fishermen were constantly exposed to infection but in peace-time they remained in good condition, even though they had enlarged livers. During the war, however, they became undernourished and overworked and a grave epidemic of symptomatic schistosomiasis ensued. The epidemic ceased when the war ended, diet improved and work was reduced.ss
The stimulus of the Second World War, the first assessment of the total world distribution of schistosomiasis (by N. Stoll in 1947)36 and the increased development of water resource projects and the associated increase in the prevalence of the disease combined to produce growing national and international concern. National programmes against schistosomiasis were adopted in Venezuela, Puerto Rico, Japan and Israel during and shortly after the war.
When the World Health Organization was set up after the war, representatives from Egypt again argued that schistosomiasis should be considered as a major international health problem.37 The economic importance of the disease was expressed in terms of its widespread incidence (it was believed at the time to affect up to 150 million people) I miracidia."' C. A. Wright, a leading expert on schistosomiasis and consultant to the World Health Organization, considers that the host-finding behaviour patterns of the miracidia and the reproductive potential of individual snails are now better appreciated and that one can no longer accept the existence of a safe lower limit to snail production."
Before the life-cycle was discovered it was also common knowledge that social customs were important in the transmission of disease. In particular the opportunity for water contact was considered to be a crucial factor in explaining the epidemiology of schistosomiasis. As early as 1888, Allen was to write in the Practitioner " . . . that nearly all the youths bathing in the Unzindusi and Dorp sprid are infected, while the girls, who do not bathe, remain free of the disease".61 Sandwith also recognized that different groups of workers had different opportunities for water contact and consequently different degrees of schistosomiasis infection.2 During the early 1960s, the importance of such factors was again rediscovered during a major World Health Organization sponsored project in Egypt. Several studies looked at water contact through swimming, washing utensils and clothes, and cattle herding, together with the social activity of which they were a part. The incidence of schistosomiasis varied between villages, occupations, ages and sexes. The differences could be accounted for by the different periods of contact with infected water. For instance, amongst different occupations, fishermen and boatmen had the greatest water contact and the highest infection rate, and Moslems, who practised ritual washing before prayers, had a higher infection rate than Christians." These studies, together with others in more recent years," have confirmed and elaborated upon facts which were widely known more than fifty years previously and yet were largely ignored in the period following the discovery of the life-cycle. To understand why certain areas of knowledge, including the host-finding properties of the miracidia, the immunity to reinfection of the human host, and the social factors in the epidemiology of disease became neglected areas of investigation, one must turn to a discussion of policies aimed at controlling schistosomiasis and how they reflected broader development policies. This discussion will focus primarily on policy in Egypt where most preSecond World War effort at controlling schistosomiasis took place.
POLICY FOR THE PREVENTION OF SCHISTOSOMIASIS IN EGYPT
Before the life-cycle of the schistosome parasite was finally determined, the predominant policy in preventing schistosomiasis was based on explanations of social and sanitary influences. Clearly if there were no intermediate host, as Looss maintained, and if no suitable drug existed for mass treatment of the human population, then the disease had to be prevented either by reducing the pollution of water or by avoiding contaminated water. This indeed was the generally accepted view of the time.65 However, implication of the snail in the transmission of the disease and the development of specific drugs for treating schistosomiasis suggested the possibility of alternative more technical approaches being adopted. For Leiper there was now a possibility of rapidly controlling the disease by eliminating the snail without involving the co-operation of the affected individuals.66
Successful treatment of schistosomiasis patients during the First World War by Christopherson led him to believe that:
It is mass treatment in schools and villages where the hope of eradicating the disease lies..... My own view is that there is more hope of successfully dealing with the schistosomiasis problem by the systematic treatment of individual cases wherever they are met than by attempting to eliminate the disease by the destruction of snails, which can only be a practicable proposition in limited areas where certain collections of water are known to be infected and which are the causes of immediate danger."7
The original programme against schistosomiasis in Egypt was to rely mainly upon mass treatment as the first expedient. Treatment was undertaken in the annexe of the Kasr el1Aini Hospital from December 1919, and by the end of the following year four hospitals had been established specifically for the treatment of schistosomiasis and ankylostomiasis (hookworm). These increased in number to eighteen in 1928 and fifty-six in 1951.68 The number of patients treated rose rapidly between 1924 and 1930 but thereafter reached a plateau. Nevertheless over 300,000 people per year between 1933 and 1945 were treated in an attempt to reduce the disease.69 In the early part of the interwar period investigations into the feasibility of destroying the molluscan intermediate hosts took place within the Public Health Laboratories. Experimental work confirmed that weak solutions of copper sulphate were able to kill the snails and were not dangerous either to man or to the cotton and maize crops of Egypt.70 Sanitation and health education as measures to control disease were of only minor importance in the 1920s and 1930s. To begin with, provincial councils were encouraged to erect latrines and popularize their use. The Department of Public Health undertook the task of erecting latrines at its own expense in the village of Qalyub. However, despite the concern for building latrines these projects were reported to History ofSchistosomiasis research andpolicyfor its control have died in their infancy.7" A major project was then begun in 1928 under the joint auspices of the Rockefeller Foundation and the Egyptian government and included the introduction of bored-hole latrines in the houses of rural villages. The project was finally concluded in 1937 with no apparent beneficial results.72
Following the failure of sanitary measures and the first successful practical trials using copper sulphate to kill snails in the Dakhla oasis in 1927, proposals were forthcoming to adopt a concerted effort against the snail intermediate host. In 1941 the Ministry of Public Health finally set up a Bilharzia Snail Destruction Section within the Department of Public Health. This section quickly expanded its activities, using several hundred tons of copper sulphate every year until 1951, the last year of the reports. In 1952, with the restriction of finance and decreased availability of copper sulphate, the programme had to be restricted.73 The Bilharzia Snail Destruction Section had been confident that ". . . With the means at our disposal, it is possible to reduce the teeming snail populations to such an extent that they will not be able to carry out the schistosomiasis life-cycle successfully."74 However, the section made no attempt to determine whether the disease could still be transmitted by a small population of snails. In fact the most noticeable feature of the programme was that snail destruction was regarded as an end in itself. At no time was there any mention of the impact of the programme on the prevalence of the disease or on the welfare of the people. In actual fact it is extremely doubtful whether any of the measures adopted in Egypt before the late 1960s had any beneficial effect, as surveys between 1935 and 1937 and in 1967 indicated that there had been a massive increase in schistosomiasis.76 Emphasis upon snail control and mass treatment as opposed to broader sanitary and social methods of control does, however, help to explain the disregard for certain epidemiological information which was later to be rediscovered and emphasized in the 1960s. One can postulate that the external pressures for adopting specific measures for control were stronger than the internal logic of medical science. The external pressures were varied and deserve close attention.
Of prime importance was the development of the germ theory which held out the possibility of a quick, cheap F. R. Sandbach failing but was much more impressed by the possibility of using molluscicides, as yet of limited importance, in controlling the disease.89
Just before and during the Second World War, there was considerable development of better drugs and artificial chemical insecticides, often at very low cost. After the war the use of these chemicals rekindled hopes of rapid disease control. As a consequence, tropical medicine once again became largely concerned with quick technical means of disease control.90 Schistosomiasis policy itself became principally concerned with the use of molluscicides, and the importance of these was continually emphasized in reports of the World Health Organization.9"
During the 1960s, however, various developments favoured a more widespread reaction to the use of technical measures of disease control in less developed countries. A growing concern for the environment in general and pesticides in particular led to a reaction against the widespread adoption of chemicals in the environment. Their effectiveness in controlling diseases such as malaria began to be challenged.92 Increasing awareness of pollution in streams and ponds through the use of chemicals has also revived an interest in biological means of snail control.93
In the 1960s there was a renewed interest in community development as the less developed countries became independent fromt he metropolitan centres of the empires. This change, together with the interest in economic growth, the increasing costs of medical science, th6radical changes in health policies in China and Cuba in particular, and the development of cost benefit analysis have all led to increasing concern with social and economic factors in the assessment of health programmes.94 As a consequence research workers have shown more interest in social factors in the epidemiology of disease, hence the rediscovery of basic knowledge about such things as the hostfinding properties of miracidia, the importance of water contact in the transmission of schistosomiasis and the whole study area of immunity to infection. It also became apparent that snail density is not so important a factor as it was once considered to be.'5 Greater concern for community development has also led to a consideration of the economic importance of schistosomiasis. It can now no longer be assumed that History ofSchistosomiasis research andpolicyfor its control the disease is always of serious public health concern.9 Furthermore, a consideration of the social factors in the epidemiology of schistosomiasis, together with the external costs and benefits of alternative projects, has begun to influence the choice of control projects.97 Nevertheless the impetus behind snail control and mass treatment has continued. In 1972, at an international symposium on schistosomiasis, a review of current projects aimed at controlling schistosomiasis in fifteen countries revealed that in twenty-two projects molluscicides were used; in ten engineering methods were used to control snails; in fifteen chemotherapy was employed; and in only ten projects were sanitary and health education policies applied. The consensus amongst the majority of schistosomiasis experts at the conference was also that the use of molluscicides should ".. . be given major consideration in the planning of control programmes."98
CONCLUSION
In the case of a disease such as schistosomiasis the history of research and policy is inextricably bound up with factors outside the discipline of medical science. Such influences as imperialism, war, development policy and the institutional organization of medical research have in the past focused attention on biological factors in the transmission of the parasite at the expense of social factors, with the major exceptions of a brief period in the 1930s and, more recently, of the last decade. To understand the history of science one must not be solely concerned with the internal development within the disciplines of science but must interpret such developments in a much broader social context.
